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(54) Switch circuit having excess-current detection function 



(57) A microcomputer 4 responds to an instruction 
signal to turn the lamp L on or off to control the FET 2 to 
be turned on or off through the drive circuit 5. The 
microcomputer 4 samples an electric current l L which is 
supplied through the A/D converter 6 and which flows in 
the lamp L at every predetermined sampling time T s 
and subjects the sampled electric current l L to a com- 
parison with a known rated current value l R for the lamp 
L When l L £ l R is satisfied, the microcomputer 4 starts 
counting energizing time T When the accumulated 
value of l L x T s is enlarged to a predetermined value 
S Q , the microcomputer 4 turns the FET 2 off. When the 
detected electric current l L is larger than an upper limit 
l Q (> Ir) determined previously, the microcomputer 4 
immediately turns the FET 2 off through the drive circuit 
5. 
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Description 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

The present invention relates to a switch circuit hav- 
ing an excess-current detection function for on/off-con- 
trol supply of electric power from a power source to a 
load. 

2) Description of the Related Art 

(1) Prevention of a short circuit of an electric circuit 
which causes a failure of an apparatus and a fire 
has a critical problem which has been investigated 
to be solved for a long time. However, various 
states of the short circuits have inhibited a counter- 
measure capable of appropriately operating against 
any state of the short circuits and having a simple 
structure from being realized. 

Hitherto, fuses have been most widely 
employed to protect the equipment and electrical 
lines from a short circuit. The fuse is provided with 
a metal conductor portion and arranged in such a 
manner that the metal conductor portion is melted 
when the temperature of the metal conductor por- 
tion has been raised to a level higher than a prede- 
termined level. In general, the fuse is disposed at 
an intermediate position of the electric line which 
must be protected, for example, a power supply line 
connected to a load in such a manner that the fuse 
is in series connected to the power source. When 
an excess current flows in the fuse and thus the 
temperature of the metal conductor portion is 
raised to a level higher than the foregoing set level, 
the metal conductor portion is melted so that supply 
of electric power through the electric line, which 
must be protected, to interrupted. 

(2) On the other hand, miniaturization of electric 
products has been attempted by reducing the size 
of electronic elements arranged to be mounted on 
the electric product. For example, a switch circuit 
has been employed in which a switching device for 
controlling supply of electric power from the power 
source to a load and a control circuit for controlling 
the operation of the switching device are integrally 
mounted on a substrate. As a switch circuit of the 
foregoing type, there has been employed a circuit 
having a protective circuit arranged to, in addition to 
simple on-off control of the switching device, detect 
generation of abnormality, such as an excess cur- 
rent, excess voltage, overheat and the like, and to 
control the switching device in response to detec- 
tion of the abnormality. 

The conventional technique (1) is required to 
design the above-mentioned set value in consideration 



of deleting with respect to the environment tempera- 
tures because the heat accumulation ratio is lowered 
and melting time is elongated when the environment 
temperature is low because the metal conductor portion 

5 has been melted by accumulated heat. 

The short circuits include a state in which an excess 
current flows continuously and a state in which pulse- 
like excess currents intermittently flow. In the latter 
case, the heat accumulation ratio is reduced as com- 

10 pared with the former case. Therefore, there arises 
apprehension that the melting time is elongated or the 
fuse cannot be melted though an excess current is flow- 
ing. Thus, devices and electric lines cannot reliably be 
protected by using the fuse from intermittent pulse-like 

is excess currents. 

The switch circuit in the conventional technique (2) 
is arranged to detect an excess current in such a man- 
ner that the switching device is immediately switched off 
when an electric current having a level considerably 

20 higher than a rated current for the circuit or the load has 
flowed so as to self -protect the switch circuit. That is, the 
foregoing technique is not structured to protect the elec- 
tric line and the load from an excess current having a 
level somewhat higher than that of the rated current set 

25 for the electric-line elements between the power source 
and the load or that for the load. 

SUMMARY OF THE INVENTION 

30 To solve the above-mentioned problems, an object 
of the present invention is to provide a switch circuit hav- 
ing an excess-current detection function which is capa- 
ble of reliably protecting the electric lines and the load. 
According to the present invention, there is pro- 

35 vided a switch circuit having an excess-current detec- 
tion function, including a semiconductor switching 
device disposed between a load and a power source 
and arranged to turn on or off the connection between 
the load and the power source in accordance with a 

40 control signal supplied to a control terminal thereof and 
switch control means arranged to receive an instruction 
signal output from an instruction-signal output portion 
and to output a control signal to the control terminal of 
the semiconductor switching device so as to control 

45 supply of electric power from the power source to the 
load, comprising: electric-current detection means for 
detecting a load electric current which flows in the load; 
and excess-current control means for changing on/off 
control of the semiconductor switching device when 

so detection of the load electric current satisfies on excess 
current determining condition previously determined in 
accordance with the electric characteristics of the elec- 
tric line between the load and the power source or those 
of the load. 

55 The above-mentioned structure is arranged in such 
a manner that when the instruction signal output from 
the instruction-signal output portion and instructing the 
operation of the load is received, the control signal is 
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output to the control terminal of the semiconductor 
switching device in accordance with the received 
instruction signal so that the connection between the 
load and the power source is turned on or off in accord- 
ant with the control signal. When the load electric cur- 
rent flowing in the load is detected and the detected 
load electric current satisfies the excess current deter- 
mining condition determined previously in accordance 
with the electric characteristics of the electric line 
between the load and the power source or those of the 
load, on-off control of the semiconductor switching 
device is changed. Thus, passage of an excess current 
larger than the electric characteristics of the electric line 
between the load and the power source or those of the 
load can be prevented. 

The present invention may be structured in such a 
manner that the semiconductor switching device, the 
switch control means and the excess-current control 
means are integrally formed on a substrate. 

The above-mentioned structure, in which the semi- 
conductor switching device, the switch control means 
and the excess-current control means are integrally 
formed on the substrate, enables the size of the circuit 
to be reduced and the electric wiring to be simplified. 

The present invention may be structured in such a 
manner that the electric-current detection means is fur- 
thermore integrally formed on the substrate. 

Since the above-mentioned structure is arranged in 
such a way that also the electric-current detection 
means is integrally formed on the substrate in addition 
to the semiconductor switching device, the switch con- 
trol means and the excess-current control means, the 
size of the circuit can furthermore be reduced and the 
electrical wiring can be simplified. 

The present invention may be structured in such a 
manner that the excess-current control means has com- 
parison means for subjecting the detected load electric 
current and a reference electric current determined pre- 
viously in accordance with the electric characteristics to 
a comparison and count means for counting energizing 
time in which an electric current larger than the refer- 
ence electric current flows in the load, and the excess 
currant determining condition is determined by using 
the load electric current larger than the reference elec- 
tric current and the energizing time. 

The above-mentioned structure is arranged in such 
a manner that the load electric current, which flows in 
the load, is detected and the detected load electric cur- 
rent and the reference electric current determined previ- 
ously in accordance with the electric characteristics of 
the electric line or the load are subjected to a compari- 
son. Then, the energizing time is counted in which an 
electric current larger than the reference electric current 
flows is counted. If a load electric current larger than the 
reference electric current and the energizing time sat- 
isfy the excess current determining condition, on-off 
control of the semiconductor switching device is 
changed so as to reliably prevent occurrence of an 



undesirable fact that the energizing time of the excess 
current exceeds the electric characteristics of the elec- 
tric line between the load and the power source or those 
of the load. The reference electric current may be the 

s rated current for the electric line or the load. 

The excess-current control means is arranged to 
determine an excess current when a condition is satis- 
fied such that a predetermined electric current larger 
than the reference electric current flows in the load for 

w time determined previously in accordance with the elec- 
tric characteristics and provided with a plurality of 
excess current determining conditions obtained by com- 
bining different set electric currents and set time periods 
arranged in such a manner that the set time is short- 

15 ened in inverse proportion to the set electric current, the 
comparison means further subjects the detected load 
electric current and each of the set electric currents to a 
comparison, and the count means further counts ener- 
gizing time in which an electric current larger than each 

20 of the set electric current flows in the load. 

The foregoing structures are arranged in such a 
manner that the load electric current, which flows in the 
load, is detected, the detected load electric current, the 
reference electric current and each set electric current 

25 are subjected to a comparison, and the energizing time 
is counted in which an electric current larger than the 
reference electric current and each set electric current 
flows in the load. Since the set time is made to b 
shorter in inverse proportion to the set electric current, 

30 the larger the electric current, which flows in the load, as 
compared with the reference electric current, the 
shorter the time in which an excess current is deter- 
mined. Thus, the determination of the excess current 
can precisely be performed. Thus, supply of electric 

35 power by a degree exceeding the electric characteris- 
tics of the electric line or the load can reliably be pre- 
vented. 

The excess-current control means may have calcu- 
lating means for obtaining the product of an electric cur- 

40 rent, which flows in the load in each predetermined time 
and which is larger than the reference electric current 
and the above-mentioned set time so as to accumulate 
the products and determining means for determining an 
excess current when the value of the accumulation is 

45 enlarged to a predetermined value. The foregoing struc- 
ture enables determination of an excess current to be 
performed in short energizing time if the level of the load 
electric current is low and determination of an excess 
current to be performed in long energizing time if the 

so level of the load electric current is low. As a result, the 
determination of the excess current can precisely be 
performed. Thus, supply of electric power by a degree 
exceeding the electric characteristics of the electric line 
or the load can reliably be prevented. 

55 TTie excess-current control means turns the semi- 
conductor switching device off when the excess current 
determining condition is satisfied. 

The foregoing structure is arranged in such a man- 
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ner that when the instruction signal indicating the oper- 
ation of the load is received from the instruction-signal 
output portion, the control signal is output to the control 
terminal of the semiconductor switching device. In 
response to the control signal, the connection between 5 
the load and the power source is on-off controlled. 
When a load electric current, which flows in the load, 
has been detected and the detected load eletotric cur- 
rent satisfies the excess current determining condition 
determined previously in accordance with the electric 10 
characteristics of the electric line between the load and 
the power source or those of the load, the semiconduc- 
tor switching device is switched off. Thus, supply of an 
excess current exceeding the electric characteristics of 
the electric line between the load and the power source 15 
or the load can be prevented. 

The excess-current control means has storage 
means for storing the reference electric current deter- 
mined previously in accordance with the electric charac- 
teristics and comparison means for subjecting the 20 
detected load electric current and the reference electric 
current to a comparison to determine an excess current 
when the detected load electric current is larger than 
the reference electric current. 

The above-mentioned structure is arranged in such 25 
a manner that the reference electric current determined 
previously in accordance with the electric characteris- 
tics of the electric line between the load and the power 
source or the load and the detected load electric current 
are subjected to a comparison to determine an excess 30 
current if the load electric current is larger than the ref- 
erence electric current. As a result, the semiconductor 
switching device is switched off even in an intermittent 
short circuit state, which is not a complete short circuit 
state. Thus, supply of an excess current exceeding the 35 
electric characteristics of the electric line between the 
load and the power source or the load can reliably be 
prevented. 

The storage means further stores a high-level refer- 
ence electric current higher than the reference electric 40 
current and a predetermined set time, and the excess- 
current control means is further provided with count 
means for counting a lapse of time from time at which 
the semiconductor switching device has been switched 
on by the switch control means to determine an excess 45 
current when the load electric current is larger than the 
high-level reference electric currant in a state where the 
lapse of time is shorter than the set time and to deter- 
mine an excess current when the load electric current is 
larger than the reference electric current in a state so 
where the lapse of time is longer than the set time. 

The above-mentioned structure is arranged in such 
a manner that the lapse of time from the moment at 
which the semiconductor switching device has been 
switched on is counted. When the load electric current ss 
is larger than the high-level reference electric current, 
an excess current is determined until predetermined set 
time elapses from time at which the semiconductor 



switching device has been switched on. After the set 
time has elapsed from the time at which the semicon- 
ductor switching device has been switched on, an 
excess current is determined if the load electric current 
is larger than the reference electric current. Thus, even 
with a load, in which a rush current flows when it is 
turned on, the rush current is not erroneously deter- 
mined to be an excess current. 

The storage means further stores a low-level refer- 
ence electric current smaller than the reference electric 
current and the excess-current control means further 
determines abnormality when the load electric current is 
smaller than the low-level reference electric current in a 
state where the lapse of time is longer than the set time. 

The above-mentioned structure is arranged in such 
a manner that a determination to be abnormal is made 
when the load electric current is smaller than the low- 
level reference electric current after the set time has 
elapsed from the moment at which the semiconductor 
switching device has been switched on. As a result, 
even if an abnormal state is realized in which intermit- 
tent opening takes place, the semiconductor switching 
device is switched off. Thus, supply of electric power in 
an abnormal state can reliably be prevented. 

The above and other objects and features of the 
present invention will be more apparent from the follow- 
ing description taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit block diagram showing a first 
embodiment of a switch circuit having an excess- 
current detection function according to the present 
invention; 

Fig. 2 is a flow chart of a procedure for detecting an 
excess current; 

Fig. 3 is a circuit block diagram showing a second 
embodiment of the switch circuit having an excess- 
current detection function according to the present 
invention; 

Fig. 4 is a timing chart showing operation examples 
(1)to(4); 

Fig. 5 is a graph showing a lamp interruption char- 
acteristic according to modification (4); 
Fig. 6 is a circuit block diagram showing a third 
embodiment of the switch circuit having an excess- 
current detection function according to the present 
invention; 

Fig. 7 is a flow chart of a procedure for determining 
an excess current according to the third embodi- 
ment; 

Fig. 8 is a graph showing an example of an abnor- 
mal state; 

Rg. 9 is a graph showing another example of the 
abnormal state; 

Fig. 10 is a circuit block diagram showing a fourth 
embodiment of the switch circuit having an excess- 
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current detection function according to the present 
invention; 

Fig. 11 is a circuit block diagram showing a fifth 
embodiment of the switch circuit having an excess- 
current detection function according to the present s 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 

Now, a description will be given in more detail of 
preferred embodiments of the present invention with ref- 
erence to the accompanying drawings. 

Fig. 1 is a circuit block diagram showing a first 
embodiment of a switch circuit having an excess-current is 
detection function according to the present invention. 

The switch circuit 1 having an excess-current 
detection function forms a lamp control circuit for an 
automobile for controlling supply of electric power from 
a battery (a power source) B to a lamp (a load) L and 20 
comprises a N-channel field-effect transistor (hereinaf- 
ter called an "FET") 2, a shunt resistor (a current detec- 
tion portion) 3 t a microcomputer 4, a drive circuit 5 and 
an A/D converter 6. The foregoing elements are inte- 
grally formed on a substrate, such as a printed circuit 25 
board or a semiconductor board. Note that the substrate 
having the foregoing elements mounted thereon may be 
molded by synthetic resin or the like. 

The FET 2 and the shunt resistor 3 are in series 
connected between the battery B and the lamp L in 30 
such a manner that the drain of the FET 2 is connected 
to the positive pole of the battery B, the source of the 
same is connected to the shunt resistor 3 and the gate 
of the same is connected to the drive circuit 5. When the 
FET 2 has been turned on, an electric current flows in 35 
the lamp L through the shunt resistor 3. 

The shunt resistor 3 is a low-level resistor for con- 
verting an electric current into voltage. By detecting volt- 
ages at the two ends of the shunt resistor 3, an electric 
current which flows in the lamp L can be detected. The 40 
shunt resistor 3 enables the electric current to accu- 
rately be detected and rapid change in the electric cur- 
rent to be detected. The A/D converter 6 is arranged to 
convert an analog value of the two end voltages of the 
shunt resistor 3 into a digital value so as to supply the 45 
digital value to the microcomputer 4. 

The microcomputer 4 responds to an instruction 
signal supplied from outside to turn the lamp L on or off 
to control the FET 2 to be turned on or off through the 
drive circuit 5 so as to control the lamp L to be turned on so 
or off. The drive circuit 5 comprises a charge pump for 
raising the voltage level of the control signal supplied 
from the microcomputer 4 to follow the control signal 
supplied from the microcomputer 4 to apply a gate sig- 
nal to the FET 2 to turn the FET 2 on or off. 55 

The microcomputer 4 samples an electric current l L 
which is supplied through the A/D converter 6 and which 
flows in the lamp L at every predetermined sampling 



time T s (1 second in this embodiment) and subjects the 
sampled electric current l L to a comparison with a 
known rated current value Ir for the lamp L. When l L > 
l R is satisfied, the microcomputer 4 starts counting the 
energizing time T. When the accumulated value of l L x 
T s is enlarged to a predetermined value S Q , the micro- 
computer 4 turns the FET 2 off. 

When the detected electric current l L is larger than 
an upper limit l Q (> Ir) determined previously, the micro- 
computer 4 immediately turns the FET 2 off through the 
drive circuit 5. When the microcomputer 4 has turned 
the FET 2 off because of detection of an excess current, 
the microcomputer 4 outputs a status signal indicating 
this. 

Fig. 2 is a flow chart of a procedure for detecting at 
excess current. 

When a signal to instruct the lamp L to be turned on 
has been supplied, the operation of this routine is com- 
menced. Initially, a memory register S is set to be 0 
(step S100). When the sampling time T s has elapsed 
(YES in step S110), an electric current l L is sampled 
from the A/D converter 6 (step S120). 

Then, whether or not l L £ b is determined (step 
S130). If l L £ lo (YES in step S130), the FET 2 is imme- 
diately turned off (step S1 40) so that the status signal is 
output (step S150) and this routine is ended. 

If l L < l 0 (NO in step S130), whether or not l L ^ l R is 
determined (step S160). If l L < l R (NO in step S160), the 
operation returns to step S1 10. 

If l L £ l R in step S160 (YES in step S160), the prod- 
uct of the electric current l[_ and the energizing time T s 
is, in the form ofS = S+ l L xT s , accumulated in the 
memory register S (step S170). Then, whether or not S 
£ S 0 is determined (step S180). 

If S £ S 0 (YES in step S180), the operation pro- 
ceeds to step S140. If S < S 0 (NO in step S180), 
whether or not an instruction signal to turn the lamp L off 
has been supplied is determined (step S190). If the 
instruction signal for turning off the same has been sup- 
plied (YES. in step S190), the foregoing routine is 
ended. 

If the instruction signal for turning the lamp L off has 
not been issued (NO in step S190), the operation 
returns to step S120 so that the foregoing operation is 
repeated at every sampling time T s . 

As described above, the FET 2 is turned off to inter- 
rupt supply of electric power to the lamp L when the 
accumulated value of the product l L x T s with the ener- 
gizing time T s has reached the predetermined value S 0 
in a state where an excess current l L larger than the 
rated electric current l R flows. Therefore, when the level 
of the excess current l L is low, supply of electric power 
to the lamp L is interrupted after electric power has been 
supplied for a relatively long time. If the level of the 
excess current l L is high, supply of electric power to the 
lamp L is interrupted after electric power has been sup- 
plied for a short time. As a result supply interruption 
control can be performed to be adaptable to the level of 
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the excess current. Moreover, when an excess current 
flows, the supply interruption control can be performed 
to be adaptable to the current resistance characteristic 
of the lamp L. 

Fig. 3 is a circuit block diagram showing a second s 
embodiment of the switch circuit having an excess-cur- 
rent detection function according to the present inven- 
tion. The same elements as those according to the first 
embodiment are given the same reference numerals 
and the same elements are omitted from description. 10 

In the second embodiment, the switch circuit 1 hav- 
ing an excess-current detection function is provided 
with a hall sensor (the current detection portion) 30 as 
an alternative to the shunt resistor 3. Moreover, an inter- 
face (l/F) circuit 40, a current monitoring portion 41 , an is 
OR gate circuit 42 and an FET 43 are provided as an 
alternative to the microcomputer 4. Similarly to the first 
embodiment, the foregoing elements are integrally 
formed on a printed circuit substrate or a semiconductor 
substrate. Note that the rated current l R for the lamp L is 20 
5A. 

The hall sensor 30 comprises a semiconductor 
device arranged to use a hall effect which outputs volt- 
age V which is in proportion to the product I x B of elec- 
tric current I which flows in the semiconductor device 25 
and the magnetic flux density B when the semiconduc- 
tor device is placed in a magnetic field having the mag- 
netic flux density B. In accordance with the level of the 
output voltage V, the electric current l L which flows in 
the lamp L can be detected. The hall sensor 30 enables 30 
the electric current to accurately be detected though the 
size of the apparatus is very small. 

The l/F circuit 40 receives an instruction signal sup- 
plied from outside to instruct the lamp L to be turned on 
or off and controls the FET 2 to turn on or off through the 35 
drive circuit 5 in accordance with the instruction signal 
so as to control the lamp L to be turned on or off. 

The current monitoring portion 41 has first to fifth 
monitoring circuits 411 to 415 each comprising a com- 
parator and an on-delay timer and having an output con- 40 
nected to the input of the OR gate circuit 42. The output 
of the OR gate circuit 42 is connected to the gate of the 
FET 43, the drain of the FET 43 is connected to the gate 
of the FET 2, and the source of the FET 43 is connected 
to an earth line. 45 

The first to fifth monitoring circuits 41 1 to 415 are 
arranged to sample the electric current l L supplied 
through the A/D converter 6 at every predetermined 
sampling time T s (1 second in this embodiment) to out- 
put high level signals in accordance with the level of the so 
electric currant. When an electric current l L larger than 
100A has been supplied, the first monitoring circuit 41 1 
starts the operation thereof so as to immediately output 
the high level signal. 

The second monitoring circuit 41 2 starts the opera- ss 
tion thereof when an electric current l L larger than 70A 
is supplied thereto. If the supply of the foregoing electric 
current is continued for 5 seconds, the second monitor- 



ing circuit 412 outputs a high-level signal. The third 
monitoring circuit 41 3 starts the operation thereof when 
an electric current II larger than 30A is supplied thereto. 
If the supply of the foregoing electric current is contin- 
ued for 10 seconds, the third monitoring circuit 413 out- 
puts a high-level signal. The fourth monitoring circuit 
414 starts the operation thereof when an electric current 
l L larger than 10A is supplied thereto. If the supply of the 
foregoing electric current is continued for 30 seconds, 
the fourth monitoring circuit 414 outputs a high-level sig- 
nal. The fifth monitoring circuit 415 starts the operation 
thereof when an electric current l L larger than 5A is sup- 
plied thereto. If the supply of the foregoing electric cur- 
rent is continued for 60 seconds, the fifth monitoring 
circuit 415 outputs a high-level signal. 

If the high-level signal is output from at least one of 
the first to fifth monitoring circuits 411 to 415, a high- 
level signal is output from the OR gate circuit 42 to the 
gate of the FET 43. As a result, the FET 43 is turned on 
so that the gate potential of the FET 2 is lowered to 
cause the FET 2 to be turned off. Thus, supply of elec- 
tric power to the lamp L is interrupted. 

The following Table 1 shows conditions under which 
the lamp L is interrupted by the current monitoring por- 
tion 41 . As shown in Table 1 , each of the first to fifth 
monitoring circuits 41 1 to 415 interrupts supply of elec- 
tric power to the lamp L in accordance with the level of 
the electric current l L which flows in the lamp L 



TABLE 1 



DETECTED ELECTRIC 
CURRENT l L (A) 


ENERGIZING TIME TO 
INTERRUPTION 


100 £l L 


Immediately 


100 <, l L < 100 


5 seconds 


30 £ l L < 70 


10 seconds 


10£l L <30 


30 seconds 


5^ l L <10 


60 seconds 



With reference to a timing chart shown in Fig. 4, 
operation examples (1) to (4) will now be described. 

(1) When a 15A electric current l L has been 
detected at time t 11f the fourth monitoring circuit 
414 and the fifth monitoring circuit 415 start the 
operations thereof. If an electric current l L of 10A or 
larger and smaller than 30A flows for 30 seconds, a 
high-level signal is transmitted from the fourth mon- 
itoring circuit 414 to the OR gate circuit 42 at time 
t 12 . Therefore, a high-level signal is transmitted 
from the OR gate circuit 42 to the gate of the FET 
43. As a result, the FET 43 is electrically con- 
ducted, thus causing the gate potential of the FET 2 
to be lowered. Thus, the FET 2 is turned off so that 
supply of electric power to the lamp L is interrupted. 
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(2) When the detected electric current l L has been s 
enlarged to 15A at time t 12 , the fourth monitoring ( 
circuit 414 and the fifth monitoring circuit 415 start 

the operations thereof. When the detected electric 
current l L has been made to be smaller than 10A s 
(not smaller than 5A) at time t 22 which is shorter 
than 30 seconds from time t 21 , the operation of the 
fourth monitoring circuit 414 is interrupted and the 
operation of the fifth monitoring circuit 415 is contin- 
ued. If an electric current l L not smaller than 5A w 
flows for 60 seconds from time t 21 , the high-level 
signal is transmitted from the fifth monitoring circuit 
415 to the OR gate circuit 42 at time t 22 . Therefore, 
the high-level signal is output from the OR gate cir- 
cuit 42 to the gate of the FET 43. As a result the 15 
FET 43 is electrically conducted so that the gate 
potential of the FET 2 is lowered and the FET 2 is 
turned off. Thus, supply of electric power to the 
lamp L is interrupted. 

(3) When an electric current l u of 10A or larger and 20 
smaller than 30A starts flowing at time t 31 , the 
fourth monitoring circuit 414 and the fifth monitoring 
circuit 415 start the operations thereof. When the 
detected electric current l L has been made to be 
85A at time t 32 which is shorter than 30 seconds 25 
from time t 31 , the second monitoring circuit 41 2 and 
the third monitoring circuit 413 start the operations 
thereof. If a state is realized in which the detected 
electric current t L is 70A or lager and smaller than 

1 00A for 5 seconds from time t 32 , the second mon- 30 
itoring circuit 412 transmits a high-level signal to the 
OR gate circuit 42. As a result, the FET 43 is elec- 
trically conducted so that the gate potential of the 
FET 2 is lowered. Thus, the FET 2 is turned off and 
supply of electric power to the lamp L is interrupted. 35 

(4) When a 50A electric current l L starts flowing at 
time U1. the third monitoring circuit 413 to the fifth 
monitoring circuit 41 5 start the operations thereof. If 
the detected electric current l L exceeds 100A at 
time t4 2 which is shorter than 1 0 seconds from time 40 
t^, a high-level signal is immediately transmitted 
from the first monitoring circuit 41 1 to the OR gate 
circuit 42. As a result, the FET 43 is electrically con- 
ducted so that the gate potential of the FET 2 in 
lowered. As a result, the supply of electric power to 45 
the lamp L is interrupted. 

When a determination is made that the detected 
electric current l L which flows in the lamp L is an excess 
current, the FET 2 is turned off as described above, so 
Therefore, supply of electric power to the lamp L can 
automatically be interrupted. Since the level of the elec- 
tric current l L is detected and the FET 2 is arranged to 
be turned off in a short energizing time as the level of 
the excess current is raised, supply of electric power 55 
exceeding the current resistance for the lamp L can reli- 
ably be interrupted. 

The present invention is not limited to the first and 



jnd embodiments. The following modifications (1) to 
may be employed. 

(1) The structure of the first embodiment may be 
arranged in such a manner that an input portion 7 
comprising a dip switch and the like as indicated by 
an alternate long and short dash line shown in Fig. 
1 is provided to permit the microcomputer 4 to arbi- 
trary set rated current value l Rf set values S Q and l Q 
and the like in response to input to the input portion 
7. 

(2) As compared with the first embodiment in which 
the FET 2 is turned off when an excess current has 
been detected, a PWM control signal having a pre- 
determined duty ratio may be output from the 
microcomputer 4 to the drive circuit 5 to turn the 
FET 2 on or off with a predetermined switching fre- 
quency so as to reduce the electric current to be 
supplied to the lamp L. Note that a preferred switch- 
ing frequency of the PWM control signal is 100 Hz 
or higher. By using the FET 2 to serve as the 
switching device, the FET 2 can reliably be turned 
on and off. 

(3) In the first and second embodiments, the N- 
channel field effect transistor is employed to serve 
as the semiconductor switching device. A bipolar 
transistor, much as a P-channel FET or an insula- 
tion gate type bipolar transistor (IGBT), may be 
employed. Also in this case, the electric current to 
be supplied to the lamp L can be reduced by turning 
the transistor on or off by using the PWM control 
signal similarly to the modification (2). 

(4) In the second embodiment, the current monitor- 
ing portion 41 has five current monitoring circuits, 
the number of the current monitoring circuits may 
be reduced. The number of the current monitoring 
circuits may be enlarged to enlarge the number of 
combinations of the current levels, to be deter- 
mined, and energizing time periods taken to the 
interruption so as to set interruption characteristic 
S t as shown in Fig. 5. 

Fig. 5 shows the interruption characteristic S of 
the lamp L according to the modification (4), in 
which fuming characteristic R indicating an electric 
current level which causes the load or the electric- 
line elements to fume is additionally shown. Moreo- 
ver, fuse melting characteristic F is shown as a 
comparative example. Note that the rated electric 
current for the lamp L is l R . 

In the case shown in Fig. 5, when detected 
electric current l L satisfies ^ <, l L , supply of electric 
power is immediately interrupted. When l 2 ^ l L < h 
is satisfied, interruption is performed at energizing 
time T v When l R <, l L < I3, int rruption is performed 
at energizing time T 2 . 

When the interruption characteristic S for the 
lamp L is set as shown in Fig. 5, approach to the 
fusing characteristic R of the load and the electric- 
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line elements can be realized as compared with the 
melting characteristic F of the fuse. That is, the 
rated electric current for the electric-line elements 
can be lowered to the electric current level which is 
actually supplied. Thus, the diameter of the electric 5 
lines for use in the electric-line elements can be 
reduced. As a result, the weight and cost of the ele- 
ments can be reduced. 

(5) The structures according to the first embodi- 
ment or the second embodiment may be arranged 10 
in such a manner that notification means, having a 
display portion comprising an LCD panel or the like 

for notifying a user of interruption of supply of elec- 
tric power attributable to an excess current in 
response to a status signal output from the switch is 
circuit 1 having an excess-current detection func- 
tion to the outside, may be attached to a position on 
the outside of the switch circuit 1 having an excess- 
current detection function. As a result, interruption 
of supply of an electric current attributable to an 20 
excess current can reliably be communicated to the 
user. 

(6) The structure according to the first embodiment 
or the second embodiment may be arranged in 
such a manner that the current detection portion 25 
may be composed of a resistor in series connected 
between the FET 2 and the lamp L and a tempera- 
ture sensor for detecting the temperature of the 
resistor as an alternative to the shunt resistor 3 and 
the hall sensor 30. In the foregoing case, the micro- 30 
computer 4 is arranged to monitor change in the 
electric current by detecting change in the tempera- 
ture of the resistor so that a similar effect is 
obtained with a simple structure. 

(7) The current detection portion may be formed by 35 
using a direct-current transformer method in which 
two coils wound in the opposite directions are dis- 
posed through which an electric line connected 
from the battery B to the lamp L and which must be 
measured passes. Moreover, an alternating-current 40 
power source for applying alternating-current volt- 
age to one of the coils is provided. In addition, a 
detection portion is provided which detects an alter- 
nating current induced by the other coil when the 
alternating-current voltage has been applied. Since 45 
the alternating current is in proportion to the electric 
current which flows through the electric line which 
must be measured, the electric current which flows 

in the lamp L can be detected. 

As a result, the current detection portion can be so 
insulated from the electric line which must be meas- 
ured. When the winding ratio of the coil is adjusted, 
the output level can be raised to a required level. In 
the foregoing case, a portion or the overall body of 
the current detection portion may be disposed on ss 
the outside of the substrate on which the elements 
are mounted. 

(8) The current detection portion may be formed by 



using the alternating-current transformer method. 
The foregoing method is arranged in such a man- 
ner that an electric line, which establishes the con- 
nection between the battery B and the lamp L and 
which must be measured, is disposed to penetrate 
the coil or magnetically coupled with the coil. More- 
over, a detection portion is provided so that an alter- 
nating current which is induced by the coil 
attributable to change in the electric current, such 
as a rush current into the lamp L, is detected. Since 
the differential waveform of the rush current into the 
lamp L is detected in the above-mentioned case, 
provision of a current monitoring portion for identify- 
ing the level of the excess current in accordance 
with the change ratio of the waveform of the electric 
current enables the excess current to be deter- 
mined. 

(9) The first and the second embodiments may be 
arranged in such a manner that an excess-voltage 
detection portion and a temperature detection por- 
tion integrally formed on the substrate of the switch 
circuit 1 having an excess-current detection func- 
tion may be provided. The excess voltage detection 
portion is connected to a power supply line extend- 
ing from the battery B to detect whether or not 
excess voltage exists. The temperature detection 
portion comprises a thermistor to detect the envi- 
ronmental temperature so as to detect whether or 
not overheat has taken place. 

(10) Although the first and second embodiments 
have been described which had the structure in 
which the structure of the present invention is 
applied to a switch circuit for controlling the lamp 
which is the load, the present invention may be 
applied to a switch circuit for controlling a load, such 
as a motor except for the lamp to turn the load on 
and off. 

A third embodiment of the present invention will 
now be described. Fig. 6 is a circuit block diagram 
showing a third embodiment of the switch circuit 
having an excess-current detection function 
according to the present invention. 

A switch circuit 11 having an excess-current 
detection function forms a lamp control circuit for 
controlling supply of electric power from a battery (a 
power source) B of an automobile to a lamp (a load) 
L and comprises an FET 12, a shunt resistor (a cur- 
rent detection portion) 13, a microcomputer 14, a 
drive circuit 15 and an A/D converter 16. 

The FET 12 and the shunt resistor 13 are in 
series connected between the battery B and the 
lamp L in such a manner that the drain of the FET 
12 is connected to the positive pole of the battery B, 
the source of the same in connected to an end of 
the shunt resistor 13, the gate is connected to an 
output terminal of the microcomputer 14 through 
the drive circuit 15 and another end of the shunt 
resistor 13 is grounded through an electric line W 
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and the lamp L. As a result of the above-mentioned 
structure, when the FET 12 has been turned on t 
electric power is supplied from the battery B to the 
lamp L through the shunt resistor 13 and the elec- 
tric line W. 5 

The shunt resistor 1 3 is a low-level resistor for 
converting an electric current into voltage. By 
detecting the voltages at the two ends of the shunt 
resistor 13, a load electric current l L which flows in 
the lamp L can be detected. The shunt resistor 13 10 
enables an electric current to accurately be 
detected and rapid change in the electric current to 
be detected. When the shunt resistor 13 has a low 
degree of temperature dependency, the current 
detection accuracy with respect to change in the 15 
atmospheric temperature can be improved. The 
A/D converter 16 is arranged to convert an analog 
value of the two-end voltage of the shunt resistor 1 3 
into a digital value so as to supply the digital value 
to the microcomputer 14. The drive circuit 15 com- 20 
prises a charge pump for raising the voltage level of 
a control signal supplied from the microcomputer 
14 to supply a gate signal to the FET 12 in accord- 
ance with the control signal supplied from the 
microcomputer 14 to turn the FET 12 on or off. 25 

The microcomputer 14 includes a ROM 14a 
and a RAM 1 4b so as to control the operation of the 
lamp control circuit. The RAM 14b temporarily 
stores data, while the ROM 14a stores predeter- 
mined set values, such as set time T-j and reference 30 
electric currents l-| , l 2 and l 3 and a control program. 

The set time T1 is determined in consideration 
of a duration of a rush current which flows when the 
lamp L has been turned on. The reference electric 
current Ij and l 2 Ui > I2) are determined in consid- 35 
eration of the current resistance characteristic (for 
example, the fuming characteristic of the coating for 
the electric wire) of the electric line W, while the ref- 
erence electric current l 3 is determined to be a 
value required to satisfy 0 < l 3 < l 2 . *o 

The microcomputer 14 has the following func- 
tions (A) to (F). 

(A) In response to an instruction signal sup- 
plied from outside and arranged to turn the 45 
lamp L on or off, the microcomputer 14 controls 
the FET 12 through the drive circuit 15 to turn 
the FET 1 2 on or off so as to control the opera- 
tion of the lamp L 

(B) The microcomputer 14 has a function to so 
serve as a time measuring means for counting 
time lapse T from time at which the FET 12 has 
been switched on. 

(C) The microcomputer 14 samples a value 
supplied from the A/D converter 16 at every ss 
predetermined sampling time T s (100 msec in 
this embodiment) to detect a load electric cur- 
rent ! L which flows in the lamp L. 



(D) 'The microcomputer 14 has functions to 
serve as comparison means for subjecting the 
detected load electric current II and reference 
electric currents l 1( l 2 and l 3 stored in the 14a to 
a comparison and excess-current determining 
means for determining whether or not the elec- 
tric current is an excess current in accordance 
with a result of the comparison. 

In the foregoing case, when time lapse T is 
shorter than sat time T 1t the load electric cur- 
rent l L is subjected to a comparison with the 
reference electric current h- If l L £ h is satis- 
fied, the electric current is determined to be an 
excess current. 

If the time lapse T is set time T 1 or longer, 
comparison with the reference electric currents 
l 2 and l 3 is performed. If l L £ l 2 , the electric cur- 
rent is determined to be an excess current. If l L 
^ l 3 , the electric current is determined to be an 
excess current. 

If l L <> l 3 , the electric current is not neces- 
sarily an excess current. In this case, the load 
electric current is determined to be in an abnor- 
mal state because it has been lowered from a 
steady level to a level not higher than the refer- 
ence electric current l 3 . 

(E) The microcomputer 14 has a function to 
serve as excess-current control means for turn- 
ing the FET 12 off through the drive circuit 15 
when it has determined the electric current is 
an excess current or that the same is in an 
abnormal state. 

(F) when the FET 12 has been turned off 
because of a determination made such that the 
electric current is an excess current or the 
same is in an abnormal state, the microcom- 
puter 14 outputs a status signal indicating this. 

Referring to Figs. 7 to 9, the operation of the 
third embodiment will now be described. Fig. 7 is a 
flow chart of a procedure for determining an excess 
current employed in the third embodiment. Figs. 8 
and 9 are diagrams respectively showing examples 
of the abnormal state. 

When the FET 12 has been turned on in 
response to a signal instructing the lamp L to be 
turned on and thus the lamp L has been turned on, 
the routine according to this embodiment is com- 
menced. Thus, counting of time lapse T is com- 
menced (step S200). Then, whether or not the set 
time T-, has elapsed is determined (step S210). If 
the time has not elapsed (YES in step S210), the 
load electric current l L is sampled from the A/D con- 
verter 1 6 (step S220). 

Then, the sampled load electric current l|_ is 
subjected to a comparison with the reference elec- 
tric current ^ to determin whether or not the load 
electric current l L is smaller than the reference elec- 



9 



17 



EP0 860 946 A2 



trie current I-, (step S230). If l L < Ij (YES in step 
$230), the operation returns to step S2 10. If l L £ \ A 
(NO in step S230), the load electric current is deter- 
mined to be an excess current. Thus, the FET 12 is 
turned off (step S240) and a status signal is output 5 
(step S250). Then, the foregoing routine is ended. 

If T £ T1 in step S210, that is, if the set time T<\ 
has elapsed from time at which the lamp L has 
been turned on (NO in step S210), counting of the 
time lapse T is interrupted (step S260). Then, the 10 
load electric current l L is sampled (step S270) so 
that the sampled load electric current l L is sub- 
jected to a comparison with the reference electric 
currents l 2 and l 3 to compare their levels (step 
S280). If l 3 < l L < l 2 (YES in step S280), the opera- is 
tion returns to step S270. 

If l L £ l 2 or l L <. I 3 in step S280 (NO in step 
S280), a determination is made that the electric 
current is an excess current or in an abnormal state 
and the operation proceeds to step S240. 20 

If an abnormal state as shown in Fig. 8 has 
been determined by the above-mentioned proce- 
dure, the FET 12 is turned off at time t-i at which the 
load electric current l L is larger than the reference 
electric current l 2 after set time has elapsed from 2s 
time at which the FET 12 has been turned on so 
that supply of electric power to the lamp L is inter- 
rupted. 

If a fuse having a melting characteristic indi- 
cated by a two-dot chain line as shown in the draw- 30 
ing is provided in an abnormal case in which short 
circuit states are intermittently realized in place of a 
complete short circuit, the fuse is not melted 
because rise in the temperature takes place slowly 
and thus supply of electric power cannot be inter- 35 
rupted. However, the above-mentioned third 
embodiment is able to reliably interrupt supply of 
electric power. As a result, there is not apprehen- 
sion of arc discharge occurring in the abnormal por- 
tion so that the electric line W and the lamp L are 40 
reliably protected. 

If an abnormal state as shown in Fig. 9 takes 
place, the FET 12 is turned off at time t 2 at which 
the load electric current l L is the reference electric 
current l 3 or lower after time lapse T-j from time at 45 
which the FET 12 has been turned on. Thus, supply 
of electric power to the lamp L is interrupted. 

If an abnormal state is realized in which an 
opened state is realized intermittently, the fuse is 
not melted because the electric current is not an so 
excess current. Therefore, supply of electric power 
cannot be interrupted. However, the third embodi- 
ment arranged to determine occurrence of an 
abnormal state is able to interrupt supply of electric 
power. As a result, the apprehension of arc dis- ss 
charge or the like occurring in the abnormal portion 
can be eliminated. Thus, the electric line W and the 
lamp L can reliably be protected. 



An alternate long and short dash line shown in 
Figs. 8 and 9 and drawn from time ^ and t 2 indicate 
abnormal states in a case where electric power is 
not supplied to the lamp L because of the structure 
according to this embodiment. 

Fig. 10 is a circuit block diagram showing a 
fourth embodiment of the switch circuit having an 
excess-current detection function according to the 
present invention. The same elements as those 
according to the third embodiment are given the 
same reference numerals and the same elements 
are omitted from description. 

The fourth embodiment is arranged in such a 
manner that a hall sensor (a current detection por- 
tion) 30 is provided as an alternative to the shunt 
resistor 13 according to the third embodiment. 

The hall sensor 30 uses a hall effect which out- 
puts voltage v which is in proportion to the product 
I x_ B of the magnetic flux density B of a magnetic 
field and electric current I which flows in the semi- 
conductor device when the semiconductor device is 
placed in a magnetic field having the magnetic flux 
density B. In accordance with the known electric 
current I which is determined by the voltage of the 
battery and the output voltage V which is detected 
by the microcomputer 14, the magnetic flux density 
B can be obtained. Thus, load electric current l L 
which is in proportion to the magnetic flux density B 
can be obtained. The hall sensor 30 enables the 
load electric current l|_ to accurately be detected 
though the size of the apparatus is very small. 

The fourth embodiment, having the structure 
that the microcomputer 14 has a function similar to 
that of the third embodiment, attains a similar effect. 

Fig. 1 1 is a circuit block diagram showing a fifth 
embodiment of the switch circuit having an excess- 
current detection function according to the present 
invention. The same elements as those according 
to the third embodiment are given the same refer- 
ence numerals and the same elements are omitted 
from description. 

The fifth embodiment is arranged to comprise 
an FET 17, a comparator 18, a constant-current cir- 
cuit 19 and a reference resistor Rref in place of the 
shunt resistor 13 and the A/D converter 16 accord- 
ing to the third embodiment, the FET 12 being 
directly connected to the lamp L through the electric 
line W. 

The drain of the FET 17 is connected to the 
positive terminal of the battery B, the gate of the 
same is connected to the gate of the FET 12 and 
the source is connected to the input side of the con- 
stant-current circuit 19 and connected to one of 
input terminals P of the comparator 18. 

Another input terminal Q of the comparator 18 
is connected to the source of the FET 12, while the 
output terminal is connected to an input terminal of 
the microcomputer 14. The comparator 18 subjects 
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input voltages V P and V Q to the input terminals P 
and Q to a comparison. When V P £ V Q , the compa- 
rator 18 outputs a low-level signal and outputs a 
high-level signal when V P < V Q . The output side of 
the constant-current circuit 1 9 is grounded through 5 
the reference resistor Rref. 

Assuming that the on-resistance of the FET 12 
and 17 are R D s(on)i2 a nd Ros(on)i7 respectively, 
the employed FET 17 satisfies Ros(on)i2 < 
R DS(on)i7- T* 16 foregoing requirement can be met 10 
by employing an FET having cells by the number 
smaller than the cells of the FET 12. The difference 
in the on-resistance, a large electric current can be 
supplied to the FET 12, that is. the lamp L as com- 
pared with the FET 17. is 

The foregoing circuit causes a predetermined 
electric current to be supplied to the reference 
resistance Rref by the constant-current circuit 19. 
Therefore, the voltage v> has a constant value: 
Therefore, when the load electric current l L satisfies 20 
I L = 1 2 , the value V Q2 of the voltage V Q is caused 
to satisfy V ^ = V p by setting the resistance value 
of the reference resistor Rref. 

When a high-level signal has been supplied 
from the comparator 18 to the microcomputer 14 25 
because V P < V Q has been satisfied, the microcom- 
puter 14 determines that the load current is an 
excess current. 

The fifth embodiment is arranged in ouch a 
manner that the load electric current l L is not 30 
directly detected. As an alternative to this, the two- 
end voltage V Q of the lamp L is employed. There- 
fore, when the characteristics of the lamp L satisfy 
V P < V Q during passage of the rush current, the 
microcomputer 14 does not determine the level of 35 
the input signal from the comparator 18 until the set 
time T-i elapses. The determination may be com- 
menced after the set time T 1 has elapsed. 

The reason why a rush current flows lies in that 
the resistance value of the lamp L is low. Therefore, 40 
when V P < V Q cannot be satisfied until the set time 
T-| elapses attributable to the characteristics of the 
lamp L, the microcomputer 14 does not count the 
time lapse T and may always determine the level of 
the input signal from the comparator 18. 45 

The fifth embodiment structured in such a man- 
ner that the two-end voltage V Q of the lamp L is 
subject to a comparison with the predetermined 
voltage V P to make a comparison between the load 
current l L and the reference electric current l 2 so as so 
to determine that the electric current is an excess 
current when V P < V Q . Thus, an effect similar to that 
obtainable from the third embodiment can be 
attained even if an abnormal state as shown in Fig. 
8 takes place. ss 

The present invention is not limited to the third 
to fifth embodiments. The following modifications 
(1 1) to (14) may be employed. 



(11) The structur according to the third embodi- 
ment or th fourth embodiment may be arranged in 
such a manner that an input portion 21 comprising 
a dip switch is provided as indicated by an alternate 
long and short dash line shown in Figs. 6 and 10 
and the microcomputer 14 is permitted to arbitrarily 
determine the values of reference electric currents 
l-i , l 2 and I3 in accordance with the input to the input 
portion 21. 

(12) Although the third to fifth embodiments have 
the structure in which the N-channel field-effect 
transistor to serve as the semiconductor switching 
device, a bipolar transistor, for example, a P -chan- 
nel FET or an insulation gate type bipolar transistor 
(IGBT), may be employed. 

(13) The third to fifth embodiments may be 
arranged in such a manner that notifying means 
comprising an LCD panel or the like for communi- 
cating interruption of supply of electric power attrib- 
utable to an excess current to a user in accordance 
with a status signal output from the switch circuit 1 1 
having an excess-current detection function to the 
outside is attached to an appropriate position on 
the outside of the switch circuit 11 having an 
excess-current detection function. As a result, inter- 
ruption of supply of electric power attributable to an 
excess current can reliably be notified to a user. 

(14) Although the third to fifth embodiments have 
been described to have a structure in which the 
present invention is applied to the switch circuit for 
controlling the lamp L which is the load, the present 
invention is not limited to this. The present invention 
may be applied to a load haying a large rush cur- 
rent, such as a motor or a large-capacity capacitor. 

The load may be a load which does not generate 
any rush current. In this case, counting of the lapse time 
T and comparison of the reference electric current ^ 
and the load electric current l L are not required. 

As described above, the present invention has the 
structure that a load electric current which flows in a 
load is detected. If the detected load electric current sat- 
isfies the excess current determining condition deter- 
mined previously in accordance with the electric 
characteristics of the electric line between the load and 
the power source or those of the load, on-off control of 
the semiconductor switching device is changed. There- 
fore, supply of electric power exceeding the electric 
characteristics of the electric line or the load can be pre- 
vented. As a result, the electric line and the load can be 
protected from the excess current. 

Since the semiconductor switching device, the 
switch control means and the excess-current control 
means are integrally formed on a substrate, the size of 
the circuit can be reduced and the electrical wiring can 
be simplified. 

Since the electric-current detection means is fur- 
thermore integrally formed on the substrate, the size 
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reduction and simplification of the electrical wiring can 
furthermore be enhanced. 

The energizing time, in which a load electric higher 
than a reference electric current level flows and the load 
electric current are used to set the excess current deter- s 
mining condition so that a problem in that the energizing 
time of the excess current exceeds the electric charac- 
teristics of the electric line and those of the load is relia- 
bly prevented. As a result, the electric lines and the load 
can reliably be protected. 10 

A load electric current, which flows in the load, is 
detected, and the detected load electric current, a refer- 
ence electric current and a plurality of set electric cur- 
rents are subject to a comparison. A plurality of excess 
current determining conditions arranged in such a man- is 
ner that the set time is made to be short as the set elec- 
tric current is high are used to determine an excess 
current. Thus, the determination of the excess current 
can precisely be performed. As a result, supply of elec- 
tric power exceeding the electric characteristics of the 20 
electric line or those of the load can reliably be pre- 
vented. 

A load electric current, which flows in the load, is 
detected. If the detected load electric current satisfies a 
excess current determining condition determined previ- 25 
ously in accordance with the electric characteristics of 
the electric line between the load and the power source 
or those of the load, the semiconductor switching device 
is switched off. Thus, supply of an excess current larger 
than the electric characteristics of the electric line 30 
between the load and the power source or those of the 
load can be prevented. 

The reference electric current determined previ- 
ously in accordance with the electric characteristics of 
the electric line between the load and the power source 35 
or those of the load and the detected load electric cur- 
rent are subjected to a comparison. Then, a determina- 
tion is performed that the electric current is an excess 
current when the load electric current is larger than the 
reference electric current. Thus, in an intermittent short 40 
circuit state which is not a complete short circuit state, 
the semiconductor switching device is switched off to 
reliably prevent supply of an electric current larger than 
the electric characteristics of the electric line between 
the load and the power source or those of the load. 45 

The lapse of time from the time at which the semi- 
conductor switching device has been switched on is 
counted. When the load electric current is larger than 
the high-level reference electric current, the current is 
determined to be an excess current until a predeter- 
mined set time elapses from the time at which the sem- 
iconductor switching device has been switched on. After 
the set time has elapsed from the time at which the 
semiconductor switching device has been switched on, 
a determination is made that the current is an excess 
current if the load electric current is larger than the ref- 
erence electric current. As a result, even with a load, in 
which a rush current flows when it is turned on, the rush 



current is not erroneously determined to be an excess 
current. 

After the set time has elapsed from the time at 
which the semiconductor switching device has been 
switched on, a determination is performed that the load 
electric current is abnormal even if the load electric cur- 
rent is smaller than the low-level reference electric cur- 
rent. Therefore, even if an abnormal state is realized in 
which intermittent opening takes place, the semicon- 
ductor switching device is switched off. Thus, supply of 
electric power in an abnormal state can reliably be pre- 
vented. 

The foregoing description of the preferred embodi- 
ments of the invention has been presented for purposes 
of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiments were cho- 
sen and described in order to explain the principles of 
the invention and its practical application to enable one 
skilled in the art to utilize the invention in various 
embodiments and with various modifications as are 
suited to the particular use contemplated. It is intended 
that the scope of the invention be defined by the claims 
appended hereto, and their equivalents. 

Claims 

1 . A switch circuit having an excess-current detection 
function, comprising: 

a semiconductor switching device disposed 
between a load and a power source and 
arranged to turn on or off the connection 
between said load and said power source in 
accordance with a control signal supplied to a 
control terminal thereof; 
switch control means arranged to receive an 
instruction signal output from an instruction- 
signal output portion and to output a control 
signal to said control terminal of said semicon- 
ductor switching device so as to control supply 
of electric power from said power source to 
said load; 

electric-current detection means for detecting a 
load electric current which flows in said load; 
and 

excess-current control means for changing 
on/off control of said semiconductor switching 
device when detection of said load electric cur- 
rent satisfies an excess current determining 
condition previously determined in accordance 
with the electric characteristics of an electric 
line between said load and said power source 
or those of said load. 

2. A switch circuit having an excess-current detection 
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function according to claim 1, wherein said semi- 
conductor switching device, said switch control 
means and said excess-current control means are 
integrally formed on a substrate. 

5 

3. A switch circuit having an excess-current detection 
function according to claim 2, wherein said electric- 
current detection means is furthermore integrally 
formed on said substrate. 

10 

4. A switch circuit having an excess-current detection 
function according to claim 1 , wherein said excess- 
current control means has comparison means for 
subjecting the detected load electric current and a 
reference electric current determined previously in is 
accordance with the electric characteristics to a 
comparison and count means for counting energiz- 
ing time in which an electric current larger than said 
reference electric current flows in said load, and 
said excess current determining condition is deter- 20 

• mined by using said load electric current larger than 
said reference electric current and said energizing 
time. 

5. A switch circuit having an excess-current detection 25 
function according to claim 4, wherein said excess- 
current control means is arranged to determine an 
excess current when a condition is satisfied such 
that a predetermined electric current larger than 
said reference electric current flows in said load for 30 
time determined previously in accordance with said 
electric characteristics and provided with a plurality 

of excess current determining conditions obtained 
by combining different set electric currents and set 
time periods arranged in such a manner that the set 35 
time is shortened in inverse proportion to the set 
electric current, said comparison means further 
subjects the detected load electric current and each 
of said set electric currents to a comparison, and 
said count means further counts energizing time in 40 
which an electric current larger than each of said 
set electric current flows in said load. 

6. A switch circuit having an excess-current detection 
function according to claim 1 , wherein said excess- 45 
current control means turns said semiconductor 
switching device off when said excess current 
determining condition is satisfied. 

7. A switch circuit having an excess-current detection so 
function according to claim 6, wherein said excess- 
current control means has storage means for stor- 
ing the reference electric current determined previ- 
ously in accordance with the electric characteristics 
and comparison means for subjecting the detected ss 
load electric current and said reference electric cur- 
rent to a comparison to determine an excess cur- 
rent when said detected load electric current is 



larger than said reference electric current. 

8. A switch circuit having an excess-current detection 
function according to claim 7, wherein said storage 
means further stores a high-level reference electric 
current higher than said reference electric current 
and a predetermined set time, and said excess-cur- 
rent control means is further provided with count 
means for counting a lapse of time from time at 
which said semiconductor switching device has 
been switched on by said switch control means to 
determine an excess current when said load elec- 
tric current is larger than said high-level reference 
electric current in a state where said lapse of time is 
shorter than said set time and to determine an 
excess current when said load electric current is 
larger than said reference electric current in a state 
where said lapse of time is longer than said set 
time. 

9. A switch circuit having an excess-current detection 
function according to claim 8, wherein said storage 
means further stores a low-level reference electric 
current smaller than said reference electric current 
and said excess-current control means further 
determines abnormality when said load electric cur- 
rent is smaller than said low-level reference electric 
current in a state where said lapse of time is longer 
than said set time. 
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